The aim of the present study was to investigate predisposing factors for traumatic dental injury (TDI) in the primary dentition and seeking of dental care after the occurrence of TDI. A randomized population-based cross-sectional study was carried out with 814 children aged 3 to 5 years enrolled at public and private preschools in the city of Campina Grande, PB, Brazil. Parents were asked to fill out a questionnaire on demographic data and the child's history of TDI. TDI was evaluated by clinical examinations performed by three previously calibrated dentists (Kappa: 0.85 to 0.90). Bivariate and multivariate Poisson regression models were constructed for TDI and the parent-reported search for dental care (α=0.05). The prevalence of TDI was 34.6%. The most common type of TDI was enamel fracture (55.0%). The central incisors were the most frequently affected teeth (87.5%). Predictors for TDI in the primary dentition were household income >U$312.50 (PR: 1.355; 95% CI: 1.050-1.724) and overjet >2 mm (PR: 1.539; 95% CI: 1.219-1.942). The predictor for seeking dental care following TDI was parent's age >30 years (PR: 1.753; 95% CI: 1.039-2.960). Household income and overjet were associated with TDI. Among children having suffered TDI, parent's age is a crucial determinant for seeking dental care.
Introduction
Traumatic dental injury (TDI) is a frequent occurrence among preschool children, especially those at an early age. In this period, children have imprecise movements, poor balance and slow reflexes and are therefore more susceptible to falls while learning to stand, walk and run (1) . TDI is the second most prevalent type of adverse dental condition among children and is considered a public health problem due to its high prevalence rate (25.6%-62.1%), expensive treatment cost and long-term consequences to oral health, including extensive treatment throughout the patient's life (1) (2) (3) (4) .
Accentuated overjet and inadequate lip coverage are considered factors associated with TDI in children (1, 2) . However, the association between TDI and environmental determinants (socioeconomic indicators) and/or human behavior (nutritional status) remains unclear (2, 3, 5, 6) .
TDI can cause pain, have permanent esthetic and functional impacts, disturb the development of the permanent successors and exert a negative psychological effect on both children and parents (7) . This event is usually sudden, unexpected and accidental and often requires dental care (8) . In general, laypersons are unaware of the risks of trauma and possible harm to the primary and permanent dentition or what can be done to avoid such situations (7) . Failure to seek treatment following the occurrence of TDI has also been reported (5) . Some of the reasons for this include the temporary nature of primary teeth, the fact that dental trauma is not considered a disease and limited access to the dental care system, especially among lower income groups (5) . However, there is a gap in the literature regarding the investigation of factors associated with the failure to seek treatment for trauma to the primary dentition. While a more in-depth exploration of this issue has recently been performed (3), the investigation was not a randomized, population-based study.
The aim of the present study was to determine factors associated with TDI in the primary dentition and the subsequent search for dental care.
Material and Methods

Sample Characteristics
A randomized, population-based, cross-sectional study was carried out with 814 children (422 males and 392 females) aged 3 to 5 years enrolled at public and private preschools in the city of Campina Grande, PB, Brazil. The participants were chosen from a total population of 12,705 children in this age group and corresponded to 6.41% of this population. Campina Grande (population 386,000) is an industrialized city in Northeastern Brazil divided into six health districts. The city has considerable cultural, social and economic disparities, with a mean monthly income of US$110 per capita and a Human Development Index of 0.72 (9) .
A two-phase random sampling strategy was used to ensure representativity. Preschools were randomly selected from each health district in the first phase and children were randomly selected from each preschool in the second phase. Eighteen of the 127 public preschools and 15 of the 122 private preschools in the city of Campina Grande were randomly selected. The sample size was calculated based on a 4% margin of error, a 95% confidence level and a 50.0% prevalence rate of TDI. As multi-stage sampling was employed, a correction factor of 1.2 was applied to increase the precision, leading to a minimum sample size of 720 schoolchildren. A further 20% was added to compensate for possible losses, resulting in a total sample of 864 schoolchildren.
This study was approved by the Ethics Committee of the State University of Paraíba, Brazil. All parents/ guardians received information regarding the objectives and signed a statement of informed consent.
Eligibility Criteria
The inclusion criteria were age between 3 and 5 years, enrollment in preschool, absence of systemic disease according parents/caregivers' information and the return of completely filled questionnaires. The exclusion criteria were having four missing maxillary incisors due to caries or physiological exfoliation, which could compromise the clinical diagnosis of TDI and refusal to be examined (noncooperative behavior).
Training and Calibration Exercise
The theoretical step involved a discussion of the criteria for the diagnosis of TDI and an analysis of photographs. A specialist in pediatric dentistry (gold standard in this theoretical framework) coordinated this step. Three dentists examined 50 previously selected children between 3 to 5 years of age. Inter-examiner agreement was tested by comparing each examiner with the gold standard. A 7-day interval was established between clinical examinations for the determination of intra-examiner agreement. Cohen's Kappa values ranged from 0.88 to 0.90 for intra-examiner agreement and 0.85 to 0.90 for inter-examiner agreement.
Pilot Study
A pilot study was performed to test the methodology and understanding of the questionnaires. The children in the pilot study (n=40) were not included in the main sample. As there were no misunderstandings regarding the questionnaire or the methodology, no changes needed to be made in the data collection process.
Non-Clinical Data Collection
The caregivers were asked to fill out a questionnaire containing two sections: (i) socio-demographic data -information on parent/caregiver's age and years of schooling; number of residents at home; monthly household income, categorized on the Brazilian minimum wage (US$ 312.50); child's birth order and type of school; and (ii) parent/caregiver-reported dental trauma -history of TDI, age at which TDI occurred, site at which TDI occurred, cause of TDI and search for dental care following occurrence of TDI.
Clinical Data Collection
Three dentists who had undergone the calibration exercise at a preschool performed oral examination. Prior to the clinical examination, the children brushed their teeth under the examiner's supervision. For such, each child received a kit containing a toothbrush, toothpaste and dental floss to remove bacterial biofilm from the dental surfaces and facilitate the diagnosis. A clinical chart was used to record whether lip seal was adequate or inadequate, with the facial muscles at rest when the child was unaware that he/she was being observed (10) .
Oral examinations were performed with children sitting in school chairs in front of the investigator with the aid of a portable lamp attached to his head (Petzl Zoom head lamp; Petzl America, Clearfield, UT, USA). The dentists used individual cross-infection protection equipment as well as packaged, sterilized mouth mirrors (Prisma®, São Paulo, SP, Brazil), Williams' probes (WHO-621; Trinity®, Campo Mourão, PR, Brazil) and dental gauze. To measure overjet, the examiner placed a Williams' periodontal probe on the incisal surface of the maxillary central incisors parallel to the occlusal plane to determine the horizontal relation of the incisors. This measurement was taken with the teeth in centric occlusion. Overjet was dichotomized as i) 2 mm or less (normal overjet) and ii) greater than 2 mm (accentuated overjet) (11) . Open bite was recorded when superior teeth were not in contact with the inferior teeth in occlusion (12) . The classification proposed by Andreasen et al. (13) was used for the clinical diagnosis of TDI: enamel fracture, enamel-dentin fracture, complicated crown fracture, extrusive luxation, lateral luxation, intrusive luxation and avulsion. A visual assessment of tooth discoloration was also performed. Dental caries was diagnosed using the International Caries Detection and Assessment System (ICDAS II) (14) . Initial caries (white spot) was also recorded. Following the examination, fluoride varnish was applied in all children and those with carious lesions or other dental needs were sent for treatment.
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Anthropometric Data
Nutritional status was determined using the Anthroplus software program, which provides the body mass index (BMI) following the input of weight (kilograms), height (meters), date of birth and date of the clinical examination (15) . Z scores were used to determine nutritional status. Children with Z<-1 for their height/weight ratio were considered malnourished/severely malnourished; children with a score ranging from -1 SD<Z<+1 SD for their height/ weight ratio were considered to be within the ideal range; and those with a score ranging from +1 SD<Z>3 SD for their height/weight were considered overweight/obese.
Statistical Analysis
Frequency distributions of the data were determined. The dependent variables were TDI and the search for dental care following TDI. Bivariate Poisson regression analysis with robust variance was employed to determine associations between the independent and dependent variables (p<0.05). Forward stepwise multivariate Poisson regression models were constructed for variables with a p-value<0.20 in the bivariate analysis. Statistical analysis was performed with the aid of the Statistical Package for Social Sciences (SPSS for Windows, version 18.0, SPSS Inc, Chicago, IL, USA). Two models were constructed -one for the occurrence of TDI based on the clinical examination and another for parents/caregivers' reports of having sought dental care following the occurrence of TDI. Only children whose parents reported the occurrence of TDI were included in the latter model. The presence of TDI reported by parents/ caregivers (yes/no) was compared to TDI determined by clinical examination (yes/no).
Results
A total of 814 pairs of parents/children participated in the study, corresponding to 94.32% of the total determined by the sample calculation process. The loss of 50 children was due to removal from study due to medical reasons (2), incomplete questionnaire (15), absence from preschool on the days scheduled for the clinical examinations (15) and lack of cooperation during the clinical examination (18) .
The prevalence of TDI was 34.6% and 376 teeth were affected. The maxillary central incisors were the most affected (87.5%), followed by lateral central incisors (8.8%). Only 14 affected teeth (3.7%) were mandibular incisors. Enamel fracture was the most common type of TDI (55.0%), followed by tooth discoloration (26.8%), more than one trauma to same tooth (9.6%), tooth avulsion (1.3%), extrusive luxation (0.5%) and intrusive luxation (0.5%). Most children had only one tooth affected (62.9%) ( Table 1) . Table 2 displays the risk factors for TDI. In the bivariate analysis, a monthly household income >U$ 312.50, dental caries on the incisors, overjet >2 mm and absence of lip seal were associated to a greater occurrence of TDI (p<0.05). The variables that remained in the multivariate Poisson model and were considered predictors for TDI were a monthly household income >U$ 312.50 (PR: 1.355; 95% CI: 1.050-1.724) and overjet >2 mm (PR: 1.539; 95% CI: 1.219-1.942). Table 3 summarizes parents' reports regarding the children's history of TDI. As much as 27.8% of the children had suffered TDI. Among those with TDI, 36.5% had suffered the injury at two years of age and 26.5% had suffered the injury up to the age of one year. Home was the most frequent place of occurrence (77.5%) and falls constituted the most common cause (81.3%). Only 46 parents (20.3%) sought dental care after the occurrence of TDI. Table 4 displays factors associated to seeking dental care after TDI among parents who perceived the trauma. In the bivariate analysis, parents older than 30 years sought dental care more frequently than those under 30 years of age. This variable remained in the multivariate Poisson model and was considered a predictor for seeking dental care following the occurrence of TDI (PR: 1.753; 95% CI: 1.039-2.960). 
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Discussion
Knowledge on trauma epidemiology in the primary dentition has been underexplored in comparison to the permanent dentition (4) and there is no consensus on the prevalence of TDI at this stage of life. In the present investigation, the prevalence rate was 34.6%, which is in agreement with findings described in a number of Brazilian and international studies (2,4,8,16 ), whereas other studies report lower rates (1, 17) . The conflicting results may reflect different methodologies, patient selection methods, trauma classification indices, geographic characteristics, socioeconomic status and cultural/behavioral factors, which differ between countries (2).
The maxillary central incisors were the most affected teeth (87.5%). Enamel fracture (55%) and discoloration (26.8%) were the most frequent manifestations and the majority of children had only one tooth with trauma (62.9%). These results are in agreement with findings described in previous studies (2, 4, 5) . The greater number of traumas of lesser magnitude may be related to the environment in which the examinations were carried out, whereas studies conducted at hospitals generally report a higher frequency of dislocations (2) .
No statistically significant difference between genders was found for the occurrence of TDI, likely because male and female children at the evaluated age range are exposed to the same risk factors (3, 4, 5) . Although there is a general consensus in the literature that there is an increased prevalence of age-TDI association, because of the cumulative nature of traumatic injuries (2,4), TDI was not significantly associated with age in the present study. It should be stressed that age was recorded at the time of the data collection procedure based on parents' reports and was not recorded when the trauma occurred.
Mother's age was not a predictor of the presence of TDI. To the best of our knowledge, no study has evaluated the association between this variable and dental trauma. However, decision was made to perform this analysis based on the fact that older mothers often have more autonomy (18) and many work outside the home, delegating the responsibility of the child to caregivers.
Income was the only socioeconomic indicator that remained associated with TDI in the final model, which agrees with findings described in previous studies (4, 19) . Children from families with a greater income have more access to sports and recreational equipment that offers greater risk of falls, such as bicycles and roller skates, making them more susceptible to TDI. While type of school was used as a socioeconomic indicator associated with TDI in a previous Brazilian study (2) , no such association was found in the present study. This may be due to the fact that Brazil is currently experiencing an increase in income per capita (9) and it is possible that the type of school is no longer a suitable socioeconomic indicator. As children with a less favorable socioeconomic status may be found enrolled in private schools, the analysis of income may be the most accurate socioeconomic indicator for this population.
Birth order is another variable that has been underexplored in the literature on TDI. One might expect that older children in the family would have a higher frequency of dental trauma (20) . However, this variable did not remain in the final model, suggesting that birth order exerts no influence on the occurrence of TDI.
No association was found between the perception of the child's oral health and TDI in the final model. It was expected that a greater number of injuries would be found in children whose parents had a negative perception regarding their child's oral health. However, this did not occur, probably due to the fact that most injuries were limited to the enamel and the fact that TDI is not a disease. Although a sensitive measure for the diagnosis of dental caries was employed (ICDAS II) (14) , no association was found between caries on the maxillary incisors and TDI.
Indeed, children without caries had a higher frequency of TDI in the final model. Previous studies employing a different measure for the diagnosis of caries (DMFT index) (12) also found no association between this variable and TDI (3). These findings are more likely due to the fact that, although caries weakens dental tissues, extrinsic factors contribute more effectively to TDI.
There is no consensus in the literature regarding the criterion for measurement of overjet in studies on dental trauma. In the present study, overjet equal to or greater than 2 mm was considered accentuated (3, 11) and was associated with TDI. This result agrees with findings described in previous studies (2, 3, 5) . In contrast, open bite and lip seal were not associated with TDI, which has also been reported elsewhere (3) . There is no consensus on the association between TDI and either open bite or lip seal (1) (2) (3) 5, 21) . However it is important to note that authors discuss the importance of lip seal for TDI and reported that when children present earlier malocclusion but the lip seal is adequate, the TDI could be less frequent due to protection of the lip (21) . It may be assumed that anterior earlier malocclusions diagnosed in this study, particularly overjet, were not so severe and therefore not always related to the lack of lip seal.
It has been shown that overweight children have poorer balance and are therefore more susceptible to TDI (22) . However, no such association was found in the present study. Other studies were not unanimous with regards to this association (2, 6) , which is possibly explained by the different age groups evaluated.
The prevalence of trauma perceived by parents was 27.8%, which is lower than the rate determined by the clinical examination (34.6%). Previous studies report similar findings (3, 5) . According to a number of authors, the perception of TDI is directly related to the severity of the injury (5, 16) . Thus, as the majority of injuries in the present study were mild, it is likely that the parents did not perceive them.
Based on parents' reports, TDI occurred with higher frequency in the first three years of life. In the literature, parents report the occurrence of TDI with higher frequency at ages of 1 and 2 years (5,7) as well as two and four years (3, 23) . This is a critical phase in which the permanent incisors are not yet completely mineralized and, consequently, sequelae of greater severity may occur as a result of trauma (17) . Moreover, the age at which TDIs occur is important for the establishment of strategies for predicting and preventing more serious consequences to the germ of the permanent successor (3) .
Regarding the etiology and site of occurrence, falls and home were the most cited (81.3% and 77.5%, respectively), which is consistent with the literature (3, 5, 8) . A possible explanation is the fact that children in the evaluated age group spend most of their time at home. Moreover, their underdeveloped motor skills and lack of a notion of danger may be contributing factors. Thus, parents and caregivers should be made aware of the need to provide closer supervision and offer safe environments for children in order to reduce the risk of TDI.
Factors associated with the search for treatment following the occurrence of TDI have been underexplored. In the present study, mothers aged 30 years or more sought treatment for their children more than those aged less than 30 years. Few studies are available in the literature reporting the age of parents/caregivers and the search for treatment, which hampers the comparison of the results. A number of authors state that older mothers tend to have greater autonomy, are more discerning and seek more the health services (18, 24) . In contrast, other authors found no significant association between mother's age and the search for dental care for children for either routine care or specific treatment (25) . Studies with a similar methodology stress the importance of socioeconomic factors, such as difficulties regarding access to services. In Brazil, child health has been on the public health policy agenda for decades. However, maternal-child health care actions have not reached universal coverage (3, 5, 25) . Another important aspect to consider is the fact that parents/caregivers tend to take children for treatment only in more severe cases of TDI (3), which could explain why the search for treatment in this study was low, as most children suffered mild TDI.
In the present study, most children did not receive any care following TDI. There is evidence that failure to seek treatment after TDI in primary teeth stems from a lack of importance given to this dentition (3, 5) . Thus, parents/ caregivers must be instructed on the possible sequelae in both the traumatized tooth and its permanent successor.
Since not all children in the evaluated age group are regularly enrolled at schools, a viable alternative may be educational campaigns through the Family Health Strategy. This is a Brazilian government's program in which health professionals and community health agents visit homes to offer guidance to low-income families regarding health problems. Moreover, there is a need to widen dental care coverage for this group and improve access to healthcare services.
The power of the present study, as demonstrated by its adequate sample size and the multivariate analysis employed, lends strength to the probability that the results observed did not occur by chance or due to the effect of confounding factors. The profile of TDI found in this investigation is consistent with those of previous studies. However, the goal the present study was to explore possible causes for the search for treatment following occurrence of the TDI, which is an important aspect for the design of educational programs with special attention to the the follow up of TDIs due to the possible long-term consequences.
The prevalence of TDI was high in the present study, with enamel fracture on the maxillary incisor appearing as the most frequent type of trauma. Household income and overjet were associated with TDI. Parents/caregivers aged 30 years or more were more likely to seek treatment for their children following TDI.
Resumo
O objetivo do presente estudo foi avaliar os fatores predisponentes para o traumatismo dentário (TD) na dentição decídua e a procura por tratamento odontológico após a ocorrência do TD. Um estudo transversal de base populacional randomizado foi realizado com 814 crianças entre 3 e 5 anos de idade, matriculadas em pré-escolas públicas e privadas da cidade de Campina Grande, PB, Brasil. Um questionário foi preenchido pelos pais sobre dados sociodemográficos e histórico de TD da criança. TD foi avaliado através de exames clínicos realizados por três dentistas previamente calibrados (Kappa: 0,85-0,90). Modelos de regressão de Poisson bivariado e multivariado foram realizados para TD e a procura por tratamento odontológico após o TD (α=0.05). A prevalência de TD foi de 34,6%. O tipo mais comum de TD foi a fratura de esmalte (55,0%) e os incisivos centrais superiores foram os dentes mais acometidos (87,5%). Preditores para o TD na dentição decídua foram renda familiar >U$312.50 (RP: 1,355; IC 95%: 1,050-1,724) e overjet >2 mm (RP: 1,539; IC 95%: 1,219-1,942). O fator preditor para a procura de tratamento odontológico após TD foi a idade dos pais >30 anos (RP: 1,753; IC 95%: 1,039-2,960). Renda familiar e overjet foram associados com o TD. Entre as crianças que sofreram TD, a idade dos pais foi um determinante crucial para a procura de tratamento odontológico.
